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Aet. II.—mechanism of reflex nervous 

ACTION IN NORMAL RESPIRATION. 


An Addeess Delivered February 16, 1874, before the New 
Yoek Society of Neurology' and Electrology, by Austin 
Flint, Jr., M.D., Professor of Physiology in the Bellevue 
Hospital Medical College, New York. 

With Remarks by J. C. Dalton, M.D., Prof, of Physiology 
in the College of Physicians and Surgeons, New York. 


Phonographically Reported by Oeo. W. Wells, M.D ., of New York. 

M R. PRESIDENT, and Gentlemen of the Society : I 
shall have the honor, this evening, of making some re¬ 
marks on the mechanism of nervous reflex action in normal 
respiration. A great part of the statements that I shall make, 
and the views advanced upon this subject, are derived from 
personal experimentation; but they are by no means entirely 
new, for many of the experiments upon which my views are 
based were published in the American Journal of Medical 
Sciences, in October, 1861. Still, these experiments, which 
seem to me to be of considerable importance, have been noticed 
so little in physiological writings, that I venture to assume that 
they may be new to many of those who now listen to me. 

After Marshall Hall had formularized the ideas of certain 
of his predecessors, with regard to what he termed reflex action, 
it was pretty generally understood by physiologists that the 
movements of respiration were of a purely reflex character, 
unless they were modified by voluntary acts; and that the 
ordinary movements of respiration, which take place without 
the intervention of the will, were entirely reflex. 

The experiments that I shall detail this evening were based 
upon, or, rather, suggested by, an experiment made in 1664, 
by the celebrated Robert Hooke, and published in the Philo¬ 
sophical Transactions , for 1667. This experiment, though it 
could not be completely understood at the time it was made, 
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in 1664, is very instructive. It consisted in introducing a 
bellows into the trachea of a dog, making an opening into the 
chest, cutting off a portion of the lungs, and forcing air through 
them; and it was found that, so long as air was forced through 
the lungs in this way, the animal, though sensible, made no 
efforts at respiration. I may here anticipate enough to say 
that I shall assume that, in this experiment, while air was sup¬ 
plied to the system, the animal felt no want of it, had no in¬ 
clination to respire, and consequently did not respire. 

In studying the subject of the reflex nervous action in res¬ 
piration, we are immediately struck with the anatomical rela¬ 
tions of the pneumogastric nerves to the respiratory apparatus; 
and it is all the more important to study the relations of these 
nerves to the process of respiration, as they arise near that point 
in the medulla oblongata where the so-called “vital knot,” or 
the respiratory nervous centre, is supposed to be situated. 

It might be opportune, perhaps, to rapidly sketch the con¬ 
dition of our knowledge respecting the influence of the pneu¬ 
mogastric nerve upon respiration. 

As you all know, the pneumogastric nerve is one of im¬ 
mensely wide distribution, and is connected with various dis¬ 
tinct functions. The branches that are distributed to the 
respiratory organs are the following: 

The superior laryngeals, which are distributed to the mu¬ 
cous membrane of the larynx and the membrane covering the 
top of the larynx, sending off a branch on either side to the 
crico-thyroid muscle, this branch being a mixed nerve. 

Next in order, we have the inferior, or recurrent laryngeal 
nerves, which are distributed to all the intrinsic muscles of the 
larynx, except the crico-thyroid. These nerves are composed 
entirely of motor filaments, and are derived from a variety of 
sources. The experiments of Bernard, which have been so 
often repeated by Dr. Dalton, myself, and others, of extirpa¬ 
ting the spinal accessory nerves, or the section of the com¬ 
municating branches to the pneumogastrics, show that this is 
the nerve of phonation; and the filaments that preside over 
the voice pass to the larynx through the recurrent laryngeals. 

Then we have, distributed to the lungs themselves, the an¬ 
terior and posterior pulmonary branches, which go, almost ex- 
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clnsively, to the mucous membrane of the pulmonary struct¬ 
ure. These branches communicate with the sympathetic; bnt, 
according to Sappev, they do not go to the walls of the blood¬ 
vessels, being distributed to the mucous membrane lining the 
air-vesicles. 

So much for the distribution, in general terms, of those 
branches of the pnemnogastrics which go to the lungs; and 
this distribution being so extensive, you can readily see that 
we can hardly discuss the reflex nervous action in respiration, 
without taking the action of these nerves into consideration. 

The pnemnogastric is originally an exclusively sensory nerve. 
Experiments are somewhat obscure upon this point, on ac¬ 
count of the difficulty in irritating the original roots of the 
pnemnogastrics, without involving filaments of other nerves; 
still, the careful experiments of Longet showed that when the 
spinal cord of animals is opened, and the roots of the pneu- 
mogastrics are carefully isolated and stimulated, no lrfovements 
follow their irritation. This shows that the original filaments 
of the pnemnogastric are not motor. But the pnemnogastric, 
as it emerges from the cranial cavity, receives numerous com¬ 
municating motor filaments, and thus, in its course, it is a 
mixed nerve. Following out the filaments that are distributed 
to the respiratory apparatus, we find that the filaments from 
the superior laryngeal going to the crico-thyroid muscle, are 
almost exclusively motor; the motor filaments of the recur¬ 
rents go to the intrinsic muscles of the larynx, whereas the 
true pulmonary branches are distributed to the mucous mem¬ 
brane. Therefore, excluding the movements of the larynx, 
the action of the pnemnogastric in the reflex phenomena of 
respiration, theoretically, would be that of a sensory nerve,, 
conveying to the respiratory nervous centre an impression, or 
sensation, which gives rise to the movements of respiration. 

If both pnemnogastrics, however, be divided, we find that 
the respiratory movements are very much diminished in fre- 
quency ; and I have in my mind an experiment in which they 
were reduced from twenty-four to four or six in a minute; 
yet, they still continue ; and this simple experiment, so often 
performed as a class-demonstration, is a denial of the propo¬ 
sition that the pnemnogastric nerves are the only nerves for 
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the transmission of the so-called hemin de resgnrer, or sense of 
want of air, to the respiratory nervous centre. If the pneurno- 
gastrics were the only nerves which have this function, respira¬ 
tion should cease after their division; but it does not. 

I do not think that physiologists are at present able to ex¬ 
plain the cause of the great diminution in frequency of the 
respiratory movements, after the division of both pneumogastric 
nerves ; but this is, nevertheless, an invariable phenomenon. 
In the experiment to which I have referred, curiously enough, 
the animal did not die; and when I presented him to the class, 
some three weeks after the section of the nerves, the number 
of respirations had returned to the normal standard. I 
imagine that a reunion of the two ends of the divided nerve 
had occurred. A post-mortem examination (the animal being 
sacrificed in another experiment) showed that the nerves, 
though not, perhaps, completely united, had formed a partial 
union, at least, between the divided extremities. 

The condition of the lungs after the division of the pneu- 
mogastrics, that is, in cases where death follows such division, 
is peculiar, and was, for a long time, unexplained by physiolo¬ 
gists. In animals that live for three or four days and subse¬ 
quently die, the lungs present pretty generally, throughout 
their entire substance, a carnified condition. The}' are solid; 
will sink in water; but still do not present evidences of inflam¬ 
mation. It was thought, at first, that this was due to inflam¬ 
mation; but physiologists failed to find the positive evidence 
of any such action. Bernard, I think, has given the correct 
explanation of this peculiar appearance. lie observed that, 
when the respiratory movements are gradually diminished in 
frequency, they are immensely increased in intensity ; that the 
inspirations are remarkably prolonged and profound ; and that 
the chest, in the inspiratory act, is extraordinarily distended. 
He advanced the idea that this extreme dilatation of the air- 
cells induced capillary haemorrhage in certain parts of the 
lungs; that, as this extended, the blood coagulated; and, 
finally, the lungs became almost solid. 

Galvanization of both pneumogastrics in the neck arrests 
the respiratory movements, if it be powerful ; and this action 
is reflex, not direct. If the nerves be divided, galvanism of 
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their peripheral extremities has no effect oil respiration, though 
it arrests the action of the heart; whereas galvanization ot 
the central ends arrests respiration in the same way as galvan¬ 
ization of the nerves before their division. Galvanization ot 
the superior laryngeal nerves arrests respiration, and renders 
the animal motionless. This effect follows powerful galvan¬ 
ization of any of the sensitive nerves, though not so certainly 
and promptly as galvanization ot the superior laryngeals. If 
the superior laryngeals be powerfully galvanized, respiration 
stops immediately, and is arrested at the instant the current 
is applied, but more easily during inspiration than expira¬ 
tion. This arrest of the respiratory movements is particularly 
marked as regards the action ot the diaphragm. I have made 
these preliminary remarks to show that there is very little 
known with regard to the reflex phenomena of respiration, 
operating through the pneumogastrics. 

Although the proposition that I am about to enunciate has 
been denied by a tew physiologists, still, the greatei numbei 
believe that the medulla oblongata is the respiratory nervous 
centre. Adopting this view, which is almost universally ac¬ 
cepted, the mechanism of the reflex phenomena of respiration 
may be briefly stated as follows : 

These phenomena require three conditions : 

1. The physiological integrity ot nervous filaments convey¬ 
ing an impression, or sense, to the nervous centre. 

2. The existence and physiological integrity of the nervous 
centre. 

3. Finally, the physiological integrity of the motor nerves 
which convey the stimulus that is generated at this nervous 
centre to the respiratory muscles. 

If we assume that respiration involves a reflex action, we 
must admit that there are nerves which convey certain im¬ 
pressions to the medulla oblongata* W e find that the medulla 
oblongata is the respiratory centre; for, when this centre is 
destroyed, the movements of inspiration instantly and perma¬ 
nently cease. A single series of experiments has been pub¬ 
lished by Dr. Brown-Sequard, which are assumed to prove 
that respiratory movements may occasionally persist after 
destruction of the medulla oblongata ; they have never been 
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confirmed, and cannot be accepted as demonstrating that the 
medulla oblongata is not the centre for respiration. 

The sensation which we experience of want of air lias 
been called, by the French, the bexoinderespirer. It might be 
well enough to call it the sense of the want of air; but, under 
ordinary circumstances, when respiration is free, when the 
surrounding air is pure and in abundance, this sensation is not 
felt, except at the medulla oblongata. This impression, how¬ 
ever, at proper intervals, is conveyed to the medulla, and keeps 
up the respiratory movements, without our knowledge ; and 
it is only when there is a greater deficiency of air than usual, 
or when there is an obstruction to respiration, that we feel this 
sense of want of air as a positive sensation, in the form of a 
sense of suffocation, more or less pronounced. I think that the 
old experiment of Robert Ilooke established this point; and 
it certainly demonstrates it, when taken in connection with 
what we have learned of late years. 

In Robert Hooke’s experiment, the dog was supplied artifi¬ 
cially with air, completely and efficiently; and he noticed that, 
so long as he supplied the respiratory needs, though the animal 
looked around and was entirely sensible, he made no respira¬ 
tory efforts. This showed that, during the free passage of air 
through the lungs, the want of air was not felt by the medulla 
oblongata, and there was no stimulus to produce respiratory 
movements. There was no necessity felt for respiratory move¬ 
ments, and none took place. This experiment suggested my own 
observations, in 1860-61. I put an animal, a dog, completely 
under the influence of ether; introduced the nozzle of a bellows 
into the trachea ; opened the chest; turned back the anterior 
walls, by breaking the ribs, so that I exposed the lungs and 
diaphragm, and then very carefully maintained artificial res¬ 
piration. I found that while artificial respiration was com¬ 
plete and efficient, the animal remained perfectly quiet, and 
made no respiratory efforts. I could see, in this experiment, 
the slightest movement of the diaphragm. I then interrupted 
the artificial respiration for a moment. Yery soon I could see 
the diaphragm begin to quiver; it contracted, at first, slightly; 
then more and more powerfully and rhythmically; and the 
animal finally opened the mouth and made ineffectual efforts 
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to breathe. I then resumed the artificial respiration, and in a 
short time the animal became quiet, when the respiratory needs 
were entirely supplied. 

I then exposed an artery, and introduced in it a stop-cock, 
so that I could take blood from the vessel at will. While I 
kept up artificial respiration, I drew a little blood from the 
artery upon a white plate. It had all the characters of pure 
arterial blood. I then had my assistant, who was working the 
bellows, stop the artificial respiration, and I allowed the blood 
to flow in a small stream from the artery. I found, always 
and invariably, that when the blood began to be dark in the 
artery, and not before, the animal made efforts to respire. 

There are several views, which have been advanced by phys¬ 
iologists from time to time, as to the location of the besoin de 
respirer. 

Marshall Hall and some others thought that it was due to 
a want of air in the lungs themselves, and that this want was 
conveyed by the pneumogastric nerves to the medulla oblon¬ 
gata; but I do not see how, with this supposition, it is possible 
to explain respiratory movements which occur after division of 
both pneumogastries. 

Reid thought that the sense of want of air was due to the 
circulation of venous blood in the medulla oblongata; a view 
which is entirely theoretical and incapable of positive dem¬ 
onstration. 

Berard thought that the sense of want of air, or the besoin 
de respvrer , was due to the distension of the left side of the 
heart by venous blood when respiration was arrested. In sup¬ 
port of this view, he brought forward the well-known fact that, 
in certain cases of disease of the heart, even when the lungs 
are perfectly normal and completely filled with air, there is 
frequently a sense of suffocation. 

Vierordt thought that the sense of want of air was due 
to the circulation of venous blood in the substance of the 
nerves themselves. 

Yolkmann, in 1842, made the very important observation, that 
an animal experiences the sense of suffocation, when deprived 
of air, after division of both pneumogastries. This fact was 
well known. Every one who has divided both pneumogastric 



138 


The Chicago Journal of 


nerves in a cat must have noted that the animal experiences 
intense distress from suffocation. In this animal, the cartilages 
of the larynx are very flexible, and paralysis of both recurrent 
laryngeal nerves, which follows division of the pneumogastrics 
in the neck, causes the glottis to close in inspiration, so that 
the animal is almost immediately deprived of air. Volkmann 
reasoned, from this fact, which had often been observed before, 
that the sense of want of air resides in the general system, and 
is not to be referred to any particular organ or organs. 

If I may be permitted, now, to continue the account of my 
own experiment, I think I can show that it is certain that the 
sense of want of air resides in the general system ; and, farther- 
more, that it is due to a want of oxygen in the general system. 

Here we have an animal with the heart and lungs exposed ; 
a bellows placed in the trachea, and artificial respiration main¬ 
tained; but there are no efforts at breathing, so long as air is 
supplied in sufficient quantity. We put a stop-cock in the 
artery, and, while artificial respiration is continued, there is 
the natural red color to the blood. But we stop the respira¬ 
tion, and we And that, just so soon, and no sooner, as the blood 
becomes markedly dark in the arteries, the animal begins to 
make efforts at respiration, and feels the sense of want of air. 
I think this experiment shows that the sense of want of air 
is due to the circulation in the system of blood more or less 
venous in its character. I say I think it shows this fact; I am 
sure it shows it, in connection with the other facts bearing 1 
upon the question. 

What is the cause of this sense of want of air, and what are 
the conditions of the blood that are different from the condi¬ 
tions during efficient artificial respiration ? Of course, what¬ 
ever they may be, these two conditions are present: one, a 
deficiency of oxygen in the blood, that is rendered more or 
less venous; and another, the presence in the arteries of 
blood containing an- excess of carbonic acid. The question 
now arises, whether the sense of want of air be due to a defi¬ 
ciency of oxygen in the system, or to the irritating qualities of 
carbonic acid. How can we separate these two conditions, ex¬ 
perimentally, and how can we deprive the tissues of oxygen, 
without supplying blood charged with carbonic acid ? A very 



Nervous and Mental Disease. 139 

simple way is to drain the system of blood; for, if blood get 
to the system, there is no question but that oxygen will be 
carried to the tissues, it being always conveyed by the blood, 
and by the blood alone. Therefore, if the system be deprived 
of blood, no oxygen can get to the tissues. Again, if we drain 
the system of blood by cutting out the heart, we answer the 
question whether or not the sense of want of air be due to the 
distension of the left side of the heart by venous blood. If you 
take this same animal, that is not breathing, and in which the 
respiration is kept up by the bellows, and tie a ligature around 
the aorta, he begins to breathe, although the lungs are sup¬ 
plied with air, for the reason that the oxygen-carrying blood 
is cut oft' from the system. If, now, in this same animal, we 
suddenly cut out the heart, the system is, of course, almost in¬ 
stantly drained of blood, and the animal always makes violent 
and repeated respiratory efforts, although the lungs are fully 
supplied with air. It seems to me that these experiments 
show conclusively that the sense of want of air is derived from 
the general system; that it is due to a want of oxygen in the 
system, and not to the irritating properties of carbonic acid; 
and that this sense is entirely analogous to the sense of hunger 
and the sense of thirst. The sensations of hunger and of thirst 
are subjectively referred to the stomach or to the mouth and 
fauces; but they really reside in the general system. It a fistula 
be made in the stomach of a dog, and if the animal be allowed 
to drink, after having been deprived of water tor a day or two, 
the water will flow out through the fistula as fast as it is taken 
into the stomach; and, although the animal will continue to 
drink, the water is not absorbed, and the thirst is not satisfied. 
I have seen animals drink, in this way, gallons of water, being 
satisfied with a moderate quantity after the fistula has been 
closed. Also, if food be taken into the stomach and not ab¬ 
sorbed, the sense of hunger is only momentarily appeased jMjut 
this sense is referred to the stomach, because food is naturally 
introduced into the system by the stomach. So the sense of 
want of air, which I believe to be due to the want of oxygen in 
the tissues, is referred to the respiratory organs, because it is 
by tilling the thorax that we naturally supply this deficiency 
in the system. If the sense of want of air be exaggerated, 


10 



140 


The Chicago Journal of 


it constitutes the sense of suffocation; and this is one of the 
most distressing sensations of which we have any knowledge. 

It has been observed that convulsions very often follow 
haemorrhage; and this fact has been found very difficult of ex¬ 
planation. But haemorrhage is really suffocation ; and. convul¬ 
sions are generally observed in suffocation. It makes very little 
difference, practically, whether we drain the system of the 
oxygen-carrying fluid, or whether we prevent oxygen from 
going to the lungs; we have, in each case, the same result, as 
far as respiration is concerned ; and, in death from profuse or 
sudden haemorrhage, it seems to me that the convulsions are, 
in fact, no more than convulsions due to suffocation. This 
view seems to offer a satisfactory explanation of the convulsions 
following haemorrhage. There is one point, however, in this 
connection, which is interesting, and which I appreciate as 
fully as any one who now hears me. 

I have assumed that draining the system of blood, by pre¬ 
venting the oxygen from getting to the system without carry¬ 
ing to the tissues carbonic acid, proves that the sense of the 
want of air is due to a want of oxygen in the tissues, and 
not to the stimulation of carbonic acid. Carbonic acid does 
not originate in the blood, and is undoubtedly an excretion. 
If we take a muscle cut from a living frog, and put it under 
a bell-glass containing oxygen, even though it contain no 
blood, this muscle will respire. Again, if we put the same 
muscle in an atmosphere of hydrogen, we find that a certain 
amount of carbonic acid is given off. In normal nutrition, 
carbonic acid is carried away from the tissues, almost as soon 
as it is formed, by the blood. If, then, the system be drained 
of blood, what is to prevent the carbonic acid from accumula¬ 
ting in the tissues, and may not this be, the cause of the sense 
of want of air ? 

I have tried to imagine experiments to meet this objection. 
I have tried to devise some means of getting rid of the car¬ 
bonic acid from the tissues, that will not, at the same time, 
either supply the oxygen, or send through the tissues a fluid 
like blood, containing carbonic acid. This flaw in my argu¬ 
ment I cannot correct experimentally. 

, One other important point in this connection, which may 
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be of more interest to some of my bearers than those to which 
I have thus far called your attention, is the cause of the first 
respiratory effort made by the new-born child. 

Many of the ancient writers regarded the placenta as the 
respiratory organ of the foetus ; and we now know positively, 
that the foetus in utero gets its oxygen from the blood of the 
mother through the placental vessels; but when the child is 
born, this source of supply of oxygen is cut off, and the first 
act of pulmonary respiration is performed, this being the com¬ 
mencement of the function which continues to the end of life. 

What is the exciting cause of this first respiration ? It has 
been shown positively, by experiments upon animals, that the 
first respiration is due to an arrest of the placental circulation. 
I have frequently opened the abdomen of dogs and cats, big 
with young, and taken the young from the uterus, when they 
had hardly attained one-fourth of their size at term; have 
laid them on the table, and respiratory movements have 
always occurred in a very short time after they were sep¬ 
arated from the mother. Experiments have been made upon 
animals, by opening the abdomen and pressing upon the um¬ 
bilical cord, and in a short time, respiratory movements have 
occurred. 

It is well known to gynecologists and obstetricians that res¬ 
piratory movements occasionally occur in the human fcetus, in 
utero , as a consequence of some interference with the placen¬ 
tal circulation; and the amniotic fluid, and even meconium, 
have been found in the respiratory passages. 

A very thorough exposition of these facts has lately been 
made by Dr. B. S. Shultze, in a work published at Jena, in 
1871, entitled Der Scheintod Neugeborener , in which the 
points I have stated are so fully set forth that there can be no 
doubt upon the subject. It seems to me that the respiratory 
efforts before birth constitute a very strong argument in 
favor of the view that I have stated ; and it seems to me 
certain that the first respiratory movements after birth are 
due to the following conditions: The placental circulation is 
arrested; the new being feels the sense of the want of air; and 
the impression is conveyed to the medulla oblongata, where a 
stimulus is generated which is carried by motor nerves to the 
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respiratory muscles. The respiratory muscles then contract, 
and thus the lungs are, for the first time, distended with air. 

The general results of the experiments that T have detailed 
this evening, and which, I may say, I have performed over and 
over again, are the following: 

Respiration is a reflex phenomenon. The movements of 
respiration are reflex. There is a special respiratory nerve 
centre, which is situated in the medulla oblongata. When this- 
nervous centre is.destroyed, no respiratory movements can take 
place, because there is no centre to receive the impression of 
want of air. Respiratory movements are due to an impression 
made upon the centripetal nerves; and this impression is due 
to a want of oxygen in the general system. The sympathetic 
system may possibly he involved in this action, but this point 
has not been determined. The sense of the want of air, con¬ 
veyed to the medulla oblongata, gives rise, under ordinary 
conditions, to respiratory movements, which take place without 
the consciousness of the individual. Under ordinary condi¬ 
tions, respiration is carried on by the medulla oblongata, and 
does not involve the action of the brain. Whenever there is 
any difficulty in respiration, the sense of want of air is exagger¬ 
ated, until it constitutes a sense of suffocation, which involves 
voluntary efforts on the part of the individual to supply this 
want of air. 

[Prof. Flint was followed by Prof. J. C. Dalton, Professor 
of Physiology in the College of Physicians and Surgeons.] 


REMARKS OF PROF. DALTON. 

I have been very much interested, Mr. President, in the 
question of the location of the sense of the want of air, and 
reflex nervous action in respiration, and am pleased that Pro¬ 
fessor Flint has given us a paper on this subject, ft has been 
a sort of puzzle to physiologists ever since the discussion 
began. We have all known that the stimulus to respiration, 
as the Doctor says, consists in some deficiency of air supplied 
to the lungs; but, of course, the question is, whether that 
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deficiency, or that disagreeable sensation or impression con¬ 
sists, properly, in a want of oxygen, or in the irritation pro¬ 
duced by accumulation of carbonic acid. I think that nearly 
everybody is inclined, at first, to think that it is due to a col¬ 
lection of carbonic acid ; and more especially because we all 
know the bad effects of CO 2 when present in an unusual quan¬ 
tity, as when an animal or man is subjected to the respiration 
of an atmosphere constituted mainly, or entirely, of this gas. 

But we have found that there are two things to think of 
when an experiment is tried of subjecting an animal to the 
respiration of such a gas as CO 2 . If you place an animal in 
,an atmosphere of this gas, it dies, of course; but not neces¬ 
sarily because it is breathing CO 2 . This effect maybe due 
to the absence of oxygen. It does not take a great deal of 
discussion to prove that the last is really the cause of death. 
I think the frequency of accidents which have happened to 
the human subject, from inhalation of CO 2 , has been the 
principal reason why physiologists are disposed to attribute to 
the irritation of carbonic acid the stimulus of respiration. 

Suppose a man descends into an old beer-vat, where fer¬ 
mentation has been going on : of course, as soon as the gas 
begins to be inhaled, the man feels an unpleasant sensation, 
and in a short time lie falls insensible. When the next man 
goes down to his rescue, he also falls, in the same manner; 
and this is repeated at each new trial, until the bystanders 
become convinced that to enter the place is death. In such a 
case as that, it seems as though the individual had been 
poisoned by the deleterious effects of the carbonic acid. But 
we know the same thing would happen if the gas were nitro¬ 
gen or hydrogen, instead of CO 2 ; and as soon as this double 
interpretation of such a phenomenon as that is fully appre¬ 
ciated, everybody understands that the question is not so sim¬ 
ple as it first appears; and that when death takes place, or the 
peculiar sensation of suffocation is produced, it may be due to 
cither of these two causes, namely: the effects of GO 2 , or the 
absence of oxygen. 

In regard to the cause of the normal stimulus to respi¬ 
ration which exists originally in the mucous membrane ot 
the lungs, and is conveyed to the medulla by the pneumo- 
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gastric nerve, there is room for the same double interpreta¬ 
tion. I must say that 1 have been, heretofore, disposed to 
attribute it to the accumulation of CO a. The experiments 
which Dr. Flint has detailed to-night, certainly go a very long 
way in favor of the opposite theory. They are especially 
instructive and important in connection with the experiments 
performed a lew years ago, with a similar object, by Pflueger. 
They were intended to ascertain whether the stimulus to res¬ 
piration M 7 as due to the absence ot oxygen, or to the presence 
of carbonic acid. 

In regard to the respiration of the foetus, there is not the 
same difference in color between the venous and arterial 
blood in it that there is in the adult. There is no percept¬ 
ible difference in the color of the blood in the umbilical arte ; 
ries and veins. And what is more, both the two kinds of 
blood in the foetus are venous in color, and not arterial. The 
blood of the fcetus is all of a dark color. That shows that 
there is no very large amount of oxygen in the blood. • Of 
course the fmtus cannot get along without oxygen in some form. 
But it directly does not absorb free oxygen in any large 
amount from the placenta of the mother. 

The other difficulty which still remains depends on the 
phenomena manifested when an animal breathes a mixed gas 
containing both oxygen and carbonic acid. If we place an 
animal in an atmosphere of pure CO 2 , we are not surprised that 
it dies. If we put him in an atmosphere of pure nitrogen, he 
also dies. Consequently, the absence of oxygen alone is suffi¬ 
cient to cause death. But it is certain that the CO 2 also has 
some effect. If we consider the constitution of the atmosphere 
to be 0 20x11 80, and we enclose a sparrow in such a normal 
atmosphere of sufficient quantity, it will live indefinitely. 
Twenty per cent, of oxygen, therefore, is sufficient to main¬ 
tain life. But now suppose that we shut up the same sparrow 
in an atmosphere consisting of O 20 and COa 80. It will die in 
two and one-half minutes, with all the symptoms of suffoca¬ 
tion. But we know that it is not at all necessary to make a 
preparation of CO 2 as great in order to cause death. A much 
smaller quantity, in an artificial, mixed atmosphere, will pro¬ 
duce the same effect. 
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Wliat we want to get at, however, is what it is in such an 
atmosphere that produces dyspnoea. When we know that, we 
shall know what is the cause of the natural stimulus to respi¬ 
ration. Suppose we take an atmosphere which consists ot 
0 201ST 74 and OO 2 6. Such an atmosphere produces dyspnoea. 
jSTow, the quantity of CO 2 is so slight here, and at the same 
time we still have the normal proportion of O, that it seems 
to me it presents a very strong case for those who believe 
carbonic acid to be the normal stimulus to respiration. 

An experiment which I have frequently performed consists 
in placing a pigeon under a bell-glass, with an open top, and 
then slowly introducing a quantity of CO 2 . The CO 2 is passed 
into the upper part of the bell-glass, just within its open 
mouth, so as to mix gradually with the air. The animal is 
thus gradually made to breathe an atmosphere which becomes 
more and more loaded with CO 2 ; and just in proportion as 
this gas becomes more abundant in the mixture, the signs of 
dyspnoea become more manifest, and at the end of two or 
three minutes the bird becomes paralyzed and insensible. 

These are the points in regard to producing this mixture of 
gases that seem to me not fully explained, on the ground that 
the want of ogygen is the only cause by which the medulla 
oblongata is stimulated to the act of respiration. 

What I wish, Mr. President, more particularly to speak 
of before closing, is the effect of respiration of various gases, 
as I have observed it upon myself. I do not know whether 
these experiments have ever been performed by any one else. 

Some few years ago, I wished to see what was the result, by 
personal experimentation, of breathing pure carbonic acid gas, 
as well as mixtures of carbonic acid gas and atmospheric air. 
For this purpose I had a small gasometer constructed, with the 
weights so accurately adjusted that the movements of respira¬ 
tion would be entirely unimpeded. The cavity of this gas¬ 
ometer was connected with a flexible tube, and mouth-piece. 
The gasometer being first filled with pure CO 2 , I expelled the 
air from the lungs as fully as possible, by a long expiration, 
and then inhaled the CO 2 through the tube and mouth-piece. 

The first thing noticeable in attempting to breathe pure 
CO 2 is, that it is difficult to do so, since by coming in contact 
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with the mucous membrane of the larynx, it produces a strong 
local stimulus, and, at first, a spasmodic closing of the glottis. 
The gas tastes warm and pungent. I should not say that it is 
actually painful, but only highly stimulating; but with a little 
patience, this irritating effect passes off. The glottis becomes 
less sensitive, and carbonic gas and CO 2 enters the larynx and 
passes down the trachea. When it has reached this point, the 
lungs make no further resistance, and experience only a sen¬ 
sation of warmth as the gas penetrates into them. I have 
succeeded in breathing in this way from 50 to 100 cubic inches 
of pure COa. At first, no very marked effects are perceptible, 
but at the end of three seconds, or between three and four, 
there comes on, very imperceptibly, an intense feeling of suffo¬ 
cation; at least, it would be a feeling of suffocation if it were 
more powerful: and I do not know any other term to irse for 
it; but it is a most imperative and altogether irresistible de¬ 
sire to breathe ; and that it is absolutely necessary to get the 
greatest amount of breath in the least possible time. It is an 
excessive sensation; and yet it is not exactly as distressing as 
actual suffocation would be. it is a feeling that, however 
rapidly you may breathe, you cannot satisfy the extraordinary 
desire for breath that exists in the lungs at that time. At the 
same time, there is a little flushing of the face, with projection 
of the eyeballs, and some dimness of vision, and confusion of 
mind. These effects, however, are but momentary, and pass 
off in a few minutes, leaving only a sense of quietude some: 
what like that from the inhalation of an anaesthetic. 

I have also breathed a mixture of atmosphere and carbonic 
acid gas. A mixture of one part CO 2 and three parts atmos¬ 
pheric air, can be breathed without any immediate difficulty; 
but the same sense of suffocation is produced, only not so ex¬ 
cessive^ as when the pure gas is used. These results may not 
have been unexpected, but they are very marked. What 
makes them of some importance, how-ever, in this connection, 
is that the respiration of pure hydrogen, or pure nitrogen, 
does not produce the same effects. There is no immediate or 
decisive sensation of suffocation, w'hen breathing these gases, 
at all to be compared with that caused by CO 2 . I have been 
able to breathe from 100 to 400 cubic inches of nitrogen at a 
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time, without any difficulty; and the same thing is true of 
hydrogen. 

Now, I do not imagine, by any means, that these facts settle 
the question, or prove that COa is the only normal stimulus to 
respiration ; but I am sure that there is something in the con¬ 
tact of CO 2 with the mucous membrane, which produces an 
effect entirely different from that caused by other indifferent 
gases with the same membrane. 


Art. III. - SPEECH AS A REFLEX ACT. — THE 
PHONO-MOTOR NERVOUS CENTRE. 

By I)r. E. Onimitb. 

Translated from The Journal d'Anatomie et de Physiologic , 1873 , 545 - 5 ( 5-1 

T HE importance of reffex action in all the phenomena 
of the nervous system, is to-day universally recognized. 
It may be said that it presides over all the functional mani¬ 
festations. It is not necessary, in fact, to limit the designation 
reflex to those movements which the spinal cord can pro¬ 
duce without the intervention of the brain; but in a general 
way we may consider those as reflex acts which are due to the 
transformation of a centripetal impression into a centrifugal 
reaction; no matter whether that change takes place in the 
cord or in the brain; whether the impression be central or 
peripheral; whether it proceed from a nerve of special sense, 
or a spinal sensory nerve ; from ganglion cells, or from centres 
presiding over psychological phenomena. In a word, reflex 
acts of the most indisputable character may be recognized in 
the intellectual functions themselves; and we aim to show r in 
this article the influence of this automatism on the function of 
speech. 

It is necessary to first remark, at this point, that some reflex 
acts are very complex, and that they produce an assemblage 



